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W
h
e
r
e

th
is

fi
ts

in
to

T
e
llu

r
id

e

•
B

efore
th

e
castin

g
op

eration
b
egin

s,
th

e
m

old
is

h
eated

.

•
W

e
n
eed

th
e

fi
n
al

tem
p
eratu

re
d
istrib

u
tion

of
th

e
m

old
to

p
ass

to
T
ellu

rid
e.

T
h
e

fi
n
al

tem
p
eratu

re
d
istrib

u
tion

of
th

e
m

old
is

given
b
y
:

α
δ
Tδ
t

=
q
c
o
n

v
+

q
c
o
n

d
+

q
r
a
d

T
h
e

con
d
u
ction

an
d

con
vection

m
o
d
u
les

are
alread

y
in

T
ellu

rid
e.
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W
e

n
eed

th
e

rad
iation

term
,
q
r
a
d .

C
u
rren

tly,
T
ellu

rid
e

u
ses

th
e

b
ou

n
d
ary

con
d
ition

:

Q
i
=

A
i K

σ
(T

4i
−

T
a
m

b )

for
th

e
q
r
a
d

term
.

K
is

th
e

on
ly

factor
for

v
iew

factors,
em

issiv
ity,

etc.

•
S
in

ce
th

erm
al

rad
iation

varies
as

T
4,

rad
iative

h
eat

tran
sfer

is

very
im

p
ortan

t
in

d
eterm

in
in

g
th

e
fi
n
al

tem
p
eratu

re

d
istrib

u
tion

of
th

e
m

old
.

•
S
o

w
e

n
eed

a
m

ore
accu

rate
m

o
d
el
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m

ake
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re
th

e
fi
n
al

tem
p
eratu

re
d
istrib

u
tion
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correct.
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w
e
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ave

d
on

e
th
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er.

O
u
r

co
d
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to
accou
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•
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iew
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cclu

sion

It
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es

th
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sin

g
p
rin
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les
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d
io
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R
a
d
io

s
ity

R
ad

iosity
is

often
u
sed

in
grap

h
ics

to
m

o
d
el

scen
es

w
ith

d
iff

u
se

su
rfaces.

It
h
as

on
e

very
sim

p
le

id
ea:

T
h
e

to
ta

l
e
n
e
r
g
y

le
a
v
in

g
a

fa
c
e

is
e
q
u
a
l
to

th
e

s
u
m

o
f
th

e

e
m

itte
d

e
n
e
r
g
y

a
n
d

th
e

r
e
fl
e
c
te

d
e
n
e
r
g
ie

s
.

M
ath

em
atically,

th
is

read
s:

B
i
=

σ
eT

4i
+

ρ
i Σ

B
j F

ij

•
ρ

i
is

th
e

refl
ectan

ce
of

face
i

•
B

i ,
B

j
are

th
e

total
en

ergies
from

faces
i,

j

•
F

ij
is

th
e

view
fa

cto
r

from
face

i
to

face
j

6



If
w

e
rew

rite
th
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th
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eT

4
=

B
i
−

ρ
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B
j F

ij

W
e

can
tu

rn
th

e
last

ex
p
ression

in
to

a
sy

stem
of

eq
u
ation
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1
−

ρ
F

1
2

−
ρ
F

1
3

...
−

ρ
F

1
n

−
ρ
F

2
1

1
−

ρ
F

2
3

...
−

ρ
F

2
n

−
ρ
F

3
1

−
ρ
F

3
2

1
...

−
ρ
F

3
n

−
ρ
F

n
1

...
...

...
1





B
1

B
2

B
3

...

B
n



=



σ
eT

41

σ
eT

42

σ
eT

43

...

σ
eT

4n



T
h
is

is
th

e
d
ecep

tively
sim

p
le

rad
iosity

eq
u
ation

.
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T
h
e

R
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d
io

s
ity

E
q
u
a
tio

n

P
rop

erties
of

th
e

R
ad

iosity
E

q
u
ation

1.
T

h
e

solu
tion

of
th

e
rad

iosity
eq

u
ation

is
th

e
total

en
ergy

leav
in

g
each

face.

2.
It

is
gu

aran
teed

to
con

verge
b
y

G
au

ss-S
eid

el
or

oth
er

iterative

m
eth

o
d
s

b
ecau

se
it

is
d
iagon

al
d
om

in
an

t.

3.
In

ord
er

to
gen

erate
th

is
sy

stem
of

eq
u
ation

s,
w

e
m

u
st

calcu
late

view
fa

cto
rs.

4.
O

n
ce

w
e

solve
th

e
sy

stem
,
w

e
can

easily
d
eterm

in
e

th
e

n
et

rad
ian

t
fl
u
x
,
q
r
a
d .
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V
ie

w
fa

c
to

r
s

B
u
t

fi
rst

w
e

m
u
st

fi
gu

re
ou

t
th

e
v
iew

factors.

D
efi

n
ition

:
A

view
fa

cto
r

is
th

e
fra

ctio
n

o
f
en

ergy
em

itted
fro

m
a
n

a
rea

A
i
in

a
ll

d
irectio

n
s

d
irectly

in
tercep

ted
by

a
n
o
th

er
a
rea

A
j .

T
h
e

form
al

m
ath

em
atical

d
efi

n
ition

of
a

v
iew

factor
is:

d
F

ij
=

d
A

i d
A

j
cos

θ
i cos

θ
j

π
R

2ij

W
e

evalu
ate

th
is

ex
p
ression

in
its

vector
form

:

d
F

ij
=

A
i u

r A
j u

r

π
‖
R

ij ‖
2

u
r

is
th

e
u
n
it

vector
of

R
ij ,

th
e

vector
join

in
g

th
e

tw
o

faces,
an

d
A

i

an
d

A
j

are
area

vectors
n
orm

al
to

th
e

su
rface.
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W
h
y

v
ie

w
fa

c
to

r
s

a
r
e

im
p
o
r
ta

n
t

•
V

iew
factors

tell
u
s

h
ow

m
u
ch

en
ergy

from
a

face
i
actu

ally
go

es

to
an

oth
er

face
j.

•
If

th
ese

factors
are

calcu
lated

accu
rately,

th
en

w
e

can
b
e

very

accu
rate

ab
ou

t
h
ow

m
u
ch

en
ergy

go
es

from
each

face
i
to

every

oth
er

face
j.

•
T

h
is

lead
s

to
a

very
accu

rate
m

o
d
el

for
rad

iative
h
eat

tran
sfer,

m
ean

in
g

ou
r

n
et

rad
ian

t
fl
u
x

m
atrix

w
ill

b
e

accu
rate.

•
T

h
is

m
akes

ou
r

fi
n
al

tem
p
eratu

re
d
istrib

u
tion

m
ore

accu
rate.

•
S
o

v
iew

factors
are

essen
tial

to
ob

tain
in

g
an

accu
rate

solu
tion

.
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sselt

u
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T
h
e

a
lg

o
r
ith

m

W
e

n
eed

to
form

th
e

v
iew

factor
m

atrix
so

w
e

can
solve

th
e

sy
stem

of
eq

u
ation

s.

B
u
t

w
e

can
’t

ju
st

calcu
late

th
e

v
iew

factors
for

every
face.

W
e

h
ave

to
m

ake
su

re
th

at
th

e
faces

are
v
isib

le
to

each
oth

er
fi
rst.

T
h
e

gen
eral

form
of

th
e

algorith
m

is:
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T
est to see if

faces i and j
see each other

For all faces i and j

If yes calculate
view

factor
if no, com

pare 
another pair

w
hen finished

solve system
 of 

equations

O
utput solution

F
igu

re
3:

G
en

eral
fl
ow

ch
art

for
th

e
algorith

m

1
5



T
h
e

T
e
s
ts

:
T

h
e

D
o
t

P
r
o
d
u
c
t

T
e
s
ts

F
irst

D
ot

P
ro

d
u
ct

T
est:

C
h
eck

to
see

if
th

e
faces

p
oin

t
in

th
e

sam
e

d
irection

b
y

tak
in

g
th

e
d
ot

p
ro

d
u
ct

of
th

e
tw

o
area

vectors.

T
h
is

w
ou

ld
p
ass.

F
igu

re
4:

d
ot

p
ro

d
u
ct

is
n
egative

T
h
is

w
ou

ld
n
ot

p
ass.

F
igu

re
5:

d
ot

p
ro

d
u
ct

is
p
ositive
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T
h
e

S
e
c
o
n
d

D
o
t

P
r
o
d
u
c
t

T
e
s
t

T
h
is

test
elim

in
ates

th
ose

faces
p
oin

tin
g

in
op

p
osite

d
irection

s.

F
igu

re
6:

T
h
ese

tw
o

ex
am

p
les

b
oth

h
ave

n
egative

d
ot

p
ro

d
u
cts,

b
u
t

on
ly

th
e

top
ex

am
p
le

is
correct.

T
h
is

is
solved

b
y

th
e

secon
d

d
ot

p
ro

d
u
ct

test.
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O
c
c
lu

s
io

n

If
th

e
p
air

of
faces

p
ass

th
e

d
ot

p
ro

d
u
ct

tests,
th

en
w

e
k
n
ow

th
ey

face
each

oth
er.

B
u
t,

w
e

n
eed

to
m

ake
su

re
th

ere
is

n
oth

in
g

in
th

e
w

ay
b
efore

w
e

can
calcu

late
th

e
v
iew

factor.

In
oth

er
w

ord
s,

w
e

n
eed

to
m

ake
su

re,
from

th
e

p
oin

t
of

v
iew

of

face
i,

th
at

th
ere

is
n
o

face
k

in
th

e
w

ay
of

face
j.

face i
face j

face k

F
igu

re
7:

E
x
am

p
le

of
a

p
ossib

le
o
cclu

sion
.
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T
h
e

O
c
c
lu

s
io

n
R

o
u
tin

e

O
cclu

sion
is

very
h
ard

to
d
etect.

H
ere

is
h
ow

th
e

p
rogram

d
o
es

it.

For each face j

R
otate C

oordinate System

Project into xy plane

For each face i

For each face k
Project into xy plane

C
om

pare projections

If overlap: store index of overlapping face
If no overlap: try another face

If none overlap: use face j in calculation
If overlap: use closest face in calculation

F
igu

re
8:

fl
ow

ch
art

for
th

e
o
cclu

sion
su

b
rou

tin
e.
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T
h
e

V
ie

w
fa

c
to

r
M

a
tr

ix

T
h
e

v
iew

factor
m

atrix
is

an
n

b
y

n
m

atrix
w

h
ich

con
tain

s
all

th
e

v
iew

factors
from

every
face

i
to

every
oth

er
face

j
(n

is
th

e
n
u
m

b
er

of
faces).

A
ll

of
th

ese
tests

h
elp

fi
ll

th
e

v
iew

factor
m

atrix
.

•
If

a
face

fails
an

y
of

th
ese

tests,
th

en
th

e
v
iew

factor
m

atrix
at

th
at

in
d
ex

is
set

to
0.

•
If

a
face

p
asses

all
th

ese
tests

th
en

th
e

v
iew

factor
is

calcu
lated

an
d

stored
in

th
e

m
atrix

.

•
If

a
face

j
is

o
cclu

d
ed

b
y

a
face

k
,
th

e
v
iew

factor
for

face
j
is

set

to
0,

an
d

th
e

v
iew

factor
for

face
k

is
calcu

lated
an

d
stored

in

th
e

m
atrix

.
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P
r
o
b
le

m
s

w
ith

o
u
r

O
c
c
lu

s
io

n
R

o
u
tin

e

O
u
r

rou
tin

e
d
o
es

n
ot

h
an

d
le

p
artial

o
cclu

sion
s.

j

k

E
rroneous O

cclusion

F
igu

re
9:

O
u
r

o
cclu

sion
su

b
rou

tin
e

w
ill

register
th

is
as

an
o
cclu

sion

even
th

ou
gh

face
k

o
cclu

d
es

very
little

of
face

j.
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R
e
la

tin
g

R
a
d
io

s
ity

a
n
d

N
e
t

R
a
d
ia

n
t

F
lu

x

A
fter

w
e

h
ave

solved
th

e
sy

stem
of

eq
u
ation

s,
w

e
h
ave

a
m

atrix

w
ith

th
e

rad
iosity

of
each

face.

W
e

n
eed

to
get

th
e

n
et

rad
ian

t
fl
u
x

an
d

th
en

th
e

tem
p
eratu

re(rem
em

b
er,

w
e

are
still

try
in

g
to

get
th

e
fi
n
al

tem
p
eratu

re
d
istrib

u
tion

of
th

e
m

old
).

T
o

get
th

e
n
et

rad
ian

t
fl
u
x
,
all

w
e

n
eed

to
d
o

is
th

is:

q
r
a
d

=
B

i
−

I
i

I
i
=

Σ
B

j F
ij
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R
e
la

tin
g

N
e
t

R
a
d
ia

n
t

F
lu

x
a
n
d

T
e
m

p
e
r
a
tu

r
e

O
n
ce

w
e

h
ave

th
e

n
et

rad
ian

t
fl
u
x
,
w

e
get

tem
p
eratu

re
b
y
:

α
δ
Tδ
t

=
q
c
o
n

v
+

q
c
o
n

d
+

q
r
a
d

U
sin

g
th

is
p
rogram

for
q
r
a
d ,

w
e

can
n
ow

get
an

accu
rate

tem
p
eratu

re
d
istrib

u
tion

for
th

e
m

old
.
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R
e
s
u
lts

T
o

test
th

e
p
rogram

,
w

e
ran

th
e

p
rogram

on
several

sp
h
erical

m
esh

es
an

d
lo

oked
at

h
ow

each
sp

h
ere

in
teracted

w
ith

th
e

oth
ers.

T
h
e

follow
in

g
p
ictu

res
are

of
n
et

ra
d
ia

n
t
fl
u
x,

n
ot

of
tem

p
eratu

re.

T
h
u
s

an
area

th
at

lo
ok

s
cold

er
m

ean
s

th
at

th
at

area
h
as

less
n
et

rad
ian

t
fl
u
x
.

T
h
is

m
ean

s
th

at
th

ere
is

m
ore

in
cid

en
t

rad
iation

on

th
e

area.

H
ere

are
som

e
p
ictu

res.
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F
u
tu

r
e

W
o
r
k

S
o

far
w

e
h
ave

w
orked

on
th

is
co

d
e

in
d
ep

en
d
en

t
of

T
ellu

rid
e.

W
e

n
ow

n
eed

to:

•
In

tegrate
th

e
p
rogram

in
to

T
ellu

rid
e.

J
oh

n
w

ill
p
rob

ab
ly

d
o

th
is

after
th

e
w

ork
sh

op
.

•
P
arallelize

th
e

co
d
e.

T
h
is

w
ill

also
p
rob

ab
ly

h
ap

p
en

after
th

e

w
ork

sh
op

.
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